Introduction {#sec1-1}
============

Renal or urinary calculi also called urolithiasis, is a condition which involves the process of formation and retention of stone(s) in kidney, bladder and/or urethra that results in renal colic, urine retention and pain in the abdomen and flank.\[[@ref1]\] It is estimated to occur in approximately 12% of world population and 50% of recurrence rate in 5-10 years of treatment.\[[@ref2]\] The pathogenesis of urolithiasis involves the imbalance between promoters and inhibitors of crystallization in the kidneys.\[[@ref3]\] The mechanism of calculi formation is a complex process concerned with supersaturation, nucleation, aggregation, growth and retention of crystals within the renal tubules.\[[@ref4]\] Among urinary stones, majority of stones are calcium oxalate (CaOx).\[[@ref5]\] The etiopathogenesis of renal calculi is multifactorial involving anatomic, environmental, infections, metabolic and dietary lifestyle habits.\[[@ref2][@ref6][@ref7]\]

Medical or surgical stone removal and extracorporeal shock wave lithotripsy are the latest options to manage and treat such stone disorders. But they are expensive, pose various side effects and also do not prevent the recurrence of stone formation.\[[@ref8][@ref9]\] Hence, there is a growing interest towards the use of medicinal plants for correction of stone disorders and ailments. Ayurvedic system of medicine also advocates the use of various medicinal plants and their formulations for the treatment of urinary stones and kidney diseases.\[[@ref10][@ref11]\]

*Bryophyllum pinnatum* (Lam.) Oken (Crassulaceae) is a perennial herb commonly known as *Zakhm-e-hyat*, *pattharcaṭṭa* and *parṇabīja*. The other synonyms are *Bryophyllum calycinum* and *Kalanchoe pinnata*. It is widely distributed in Madagascar, tropical Africa, tropical America, India, China and Australia.\[[@ref12]\] In Ayurveda, the plant is also known as *Pāṣāṇabheda* which means "dissolver of stones".\[[@ref13]\] The leaves of *Bryophyllum pinnatum* are widely used in traditional and ethnomedicinal practices for treatment of urinary insufficiency and stone disorders. The fresh leaf juice or along with the powder of 2-3 black peppers (*Piper nigrum* Linn.) is used as folklore medicine by various tribes of Muzaffarnagar (Uttar Pradesh),\[[@ref14]\] Midnapur\[[@ref15]\] and Murshidabad\[[@ref16]\] districts of West Bengal, Aurangabad (Maharashtra),\[[@ref17]\] Nath people\[[@ref18]\] and Sonowal kacharis of Bhekulajanvillage in Dibrugarh district\[[@ref19]\] of Assam for treatment of kidney and gall bladder stones. Leaves are also used by tribes in Trinidad and Tobago, Nigeria\[[@ref20]\] and Mianwali district of Pakistan\[[@ref21]\] in ethnomedicinal practices for treatment of urinary calculi. Moreover, the leaves of this plant constituted an important part of the poly-herbal formulations which are used for antilithiatic purposes.\[[@ref22][@ref23]\]

Leaves are known to possess neurosedative and muscle relaxant,\[[@ref24]\] antimicrobial,\[[@ref25]\] antiulcer,\[[@ref26]\] uterine contractility,\[[@ref27]\] antinociceptive, anti-inflammatory and antidiabetic,\[[@ref28]\] antihypertensive\[[@ref29]\] and nephroprotective\[[@ref30]\] activities. The medicinal and pharmacological properties of *Bryophyllum pinnatum* are ascribed to the presence of alkanes, alkanols, triterpenes and sterols,\[[@ref31]\] triterpenoids and phenanthrenes,\[[@ref32]\] flavonoids,\[[@ref25]\] bufadienolides,\[[@ref33]\] alkaloids, glycosides and lipids.\[[@ref34]\]

Previously, Yasir *et al*. reported *in-vitro* inhibitory activity of the leaves of *Bryophyllum pinnatum* on calcium oxalate crystallisation.\[[@ref35]\] In view of the traditional and ethnomedicinal use of leaves of *Bryophyllum pinnatum* for the treatment of kidney and bladder stones, and urinary insufficiency, it was thought worthwhile to investigate its effect on experimentally induced *in-vivo* lithiatic model. Hence, the present study evaluates the effects of alcoholic and hydro-alcoholic extracts of *Bryophyllum pinnatum* leaveson formation of urinary calculi (urolithiasis) in ethylene glycol-induced lithiasis in rats.

Materials and Methods {#sec1-2}
=====================

Drugs and chemicals {#sec2-1}
-------------------

Ethylene glycol (Qualigens Fine Chemicals, Mumbai), Cystone (The Himalaya Drug Company, Bangalore), creatinine estimation kit (Merck Specialities Pvt. Ltd., Mumbai), urea, uric acid, calcium, phosphorous estimation kit (ERBA diagnostics Mannheim, GmbH, Germany) and magnesium estimation kit (Lab-Care Diagnostics (India) Pvt. Ltd., Valsad) were procured from local market. All other chemicals used in the experiment were of the highest grade commercially available.

Plant material {#sec2-2}
--------------

Leaves of *Bryophyllum pinnatum* were collected from the medicinal garden of J. L. Chaturvedi College of Pharmacy, Nagpur and authenticated by Dr. Vinayak Naik, Senior Taxonomist, Piramal Life Sciences Ltd., Mumbai. The voucher specimen no. MY/BPL/2012 was deposited in the herbarium.

Preparation of the extracts {#sec2-3}
---------------------------

About 500 g of fresh leaves were soaked separately in ethanol and water:Ethanol (30:70) in a stopper container for 3 days (maceration) with frequent agitation. The solutions were filtered to obtain alcoholic extract (AlcE) and hydro-alcoholic extract (HAlcE), respectively. The extracts were dried in a rotary evaporator and stored in desiccators for further use.

Preliminary and quantitative estimation of phytoconstituents {#sec2-4}
------------------------------------------------------------

AlcE and HAlcE were screened for the presence of carbohydrates, proteins, phenols, flavonoids, saponins, glycosides, alkaloids, terpenoids and, steroids using standard procedures.\[[@ref36]\] The total phenolic content of the extracts was determined spectrometrically by Folin--Ciocalteu method\[[@ref37]\] and expressed as percentage of gallic acid equivalent. The total flavonoid content was determined by aluminium chloride colorimetric assay\[[@ref38]\] and expressed as percentage of rutin equivalent in extracts. Total saponins were determined according to previously described method of Obadoni and Ochuko and expressed as percentage of saponins in extracts.\[[@ref39]\]

Experimental animals and ethical approval {#sec2-5}
-----------------------------------------

Male albino Wistar rats (150--200 g) were selected for the assessment of oral acute toxicity study and antilithiatic activity. The animals were acclimatized to standard laboratory conditions of temperature 25±2°C with relative humidity 50% under 12 h light: 12 h dark cycle. They were provided with regular standard feed and drinking water *ad libitum*. All the protocols and experiments were approved by the Institutional Animal Ethics Committee (Approval no. JLCCP/IAEC/2012--13/13) and conducted according to ethical guidelines provided by Committee for the Purpose of Control and Supervision of Experiments on Animals, New Delhi.

Acute toxicity study {#sec2-6}
--------------------

Acute oral toxicity study (limit test) for AlcE and HAlcE were carried out as per Organization for Economic Co-operation and Development (OECD) 423 guidelines.\[[@ref40]\] The overnight fasted rats (n = 3) were administered with AlcE and HAlcE in the limit dose of 2000 mg/kg, orally, and observed for a period of 72 h and thereafter up to 14 days for behavioral, neurological, autonomic profiles and for any lethality or moribund state.\[[@ref41]\]

Induction of renal calculi {#sec2-7}
--------------------------

Renal calculi were induced by administration of 0.75%v/v ethylene glycol (EG) in drinking water *ad libitum* for 28 consecutive days as per the methods described previously.\[[@ref42]\]

Experimental design {#sec2-8}
-------------------

Rats were divided into nine groups (n = 6) and EG (0.75% in drinking water) was administered to group II--IX for 28 days.

Group I served as normal control and received drinking water onlyGroup II served as lithiatic control and received vehicle of extractsGroup III co-treated with standard drug, cystone (750 mg/kg)\[[@ref11]\]Group IV to VI co-treated with AlcE in doses of 100, 200 and 400 mg/kg body weightGroup VII to IX co-treated with HAlcE in doses of 100, 200 and 400 mg/kg body weight.

All the doses were prepared in distilled water using 1% tween 80 as suspending agent and administered daily, orally for 28 days. During the experimental period weekly body weight of each rat were recorded. On the 29^th^ day, the biochemical estimations of urine and serum, and oxidative stress parameters and histology of kidney tissues were evaluated.

Body weight {#sec2-9}
-----------

The body weight of each rat was recorded during the experimental period, once before the treatment and every week during the treatment. The percentage change in body weight of each animal was calculated weekly as follow:
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Where ΔBW is the difference in body weight at one time interval and IB is the initial body weight of rat on the beginning of the treatment.

Urine biochemical parameters {#sec2-10}
----------------------------

On 28^th^ day of experiment all animals were kept individually in metabolic cages with free access to drinking water. Urine samples of 24 h were collected. Urine volume and pH (by using Urodip pH strips, ERBA diagnostics Mannheim, GmbH, Germany) were determined. A drop of conc. HCl was added to the urine before being stored at -20°C. Urine was analysed for uric acid, calcium, phosphorus, magnesium and creatinine by using commercially available biochemical kits. Oxalate was determined spectrophotometrically.\[[@ref43]\] Creatinine clearance (ml/min) was calculated by the following formula:\[[@ref44]\]
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Serum biochemical parameters {#sec2-11}
----------------------------

On the 29^th^ day of experiment, rats were anaesthetised and blood samples were collected from the retro-orbital region. Serum was separated by centrifugation and analysed for creatinine, uric acid, urea, calcium, phosphorous and magnesium by using commercially available biochemical kits.

Kidney homogenate and histopathological analysis {#sec2-12}
------------------------------------------------

The rats were sacrificed and kidneys were removed. Left kidney was taken and washed thoroughly with ice-cold 0.1 M phosphate buffered saline (pH 7.4). It was blotted dry and homogenized in 1.15% KCl to prepare a 10% w/v suspension. This suspension was centrifuged at 16000 × *g* in a cooling centrifuge at 0°C. The supernatant obtained was further employed for estimation of malondialdehyde (MDA),\[[@ref45]\] glutathione (GSH),\[[@ref46]\] catalase (CAT)\[[@ref47]\] and superoxide dismutase (SOD).\[[@ref48]\] Protein content of the supernatant was estimated by Biuret method.\[[@ref49]\] MDA and GSH were expressed as nmol/mg protein and SOD and CAT were expressed as U/mg protein. To confirm the incidence of lithiasis, right kidney of each animal was preserved in 10% neutralized formalin for further histopathological study. The isolated kidney was embedded in paraffin and cut into 5 µm thin sections and stained with hematoxylin-eosin dye. The slides were examined under binocular microscope for histopathological changes in kidney architecture, renal cellular and tubular necrosis and presence of calcium oxalate crystals.

Statistical analysis {#sec2-13}
--------------------

The results were expressed as mean ± SEM (n = 6). Statistical analysis was performed by one way ANOVA followed by Tukey\'s *post hoc* test. A value of *P* \< 0.05 was considered significant in all cases.

Results {#sec1-3}
=======

Preliminary and quantitative estimation of phytoconstituents {#sec2-14}
------------------------------------------------------------

The phytochemical screening of the AlcE revealed the presence of carbohydrates, proteins, phenols, flavonoids, saponins, glycosides, alkaloids, terpenoids and steroids while HAlcE showed the presence of carbohydrates, proteins, phenols, flavonoids, saponins, glycosides and alkaloids. The total phenolic contents of AlcE and HAlcE were 51.07% and 46.71% gallic acid equivalent, respectively. Similarly, total flavonoids were 4.19% and 3.67% rutin equivalent and saponin contents were 2.32% and 3.93%, respectively for AlcE and HAlcE.

Acute oral toxicity {#sec2-15}
-------------------

There were no toxic symptoms or mortality or moribund stage observed with single acute limit dose level of 2000 mg/kg in any animal during 14 consecutive days of observation. It implies that the approximate lethal dose (LD~50~) of the AlcE and HAlcE in Wistar rats was higher than 2500 mg/kg body weight.

Effect on body weight {#sec2-16}
---------------------

EG administration showed significant (*P* \< 0.001) body weight loss in lithiatic control group when compared to normal control group. Treatment with cystone or AlcE and HAlcE (100, 200 and 400 mg/kg) significantly (*p* \< 0.05 -- *p* \< 0.001, wherever applicable) attenuated the loss in body weight of animals when compared to lithiatic control group \[[Table 1](#T1){ref-type="table"}\].

###### 

Effect of *Bryophyllum pinnatum* leaf extracts on the body weight of rats against ethylene glycol-induced renal calculi
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Effect on urine parameters {#sec2-17}
--------------------------

There was significant (*p* \< 0.001) decrease in urine volume and pH in lithiatic control group when compared to normal control group \[[Table 2](#T2){ref-type="table"}\]. Cystone treated group showed a significant (*p* \< 0.001) increase in urine volume and pH when compared to lithiatic control group. AlcE or HAlcE treatment in dose of 200 and 400 mg/kg showed significant (*p* \< 0.01 -- *p* \< 0.001, wherever applicable) increase in urine volume and pH. AlcE (100 mg/kg) caused significant (*p* \< 0.001) increase in urine volume without any significant change in pH whereas HAlcE (100 mg/kg) showed significant increase in urine volume (*p* \< 0.001) and pH (*p* \< 0.01) when compared to lithiatic control group.

###### 

Effect of *Bryophyllum pinnatum* leaf extracts on urine parameters against ethylene glycol induced renal calculi
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Administration of EG significantly (*p* \< 0.001) increased the uric acid, calcium, phosphorus and oxalate levels in urine whereas the creatinine clearance and magnesium levels were reduced when compared to normal control group \[[Table 2](#T2){ref-type="table"}\]. Administration of AlcE or HAlcE (100, 200 and 400 mg/kg) significantly (*p* \< 0.05 -- *p* \< 0.001, wherever applicable) increased creatinine clearance level in dose dependent manner along with significant decrease in uric acid, phosphorus and oxalate levels (*p* \< 0.001, in all cases) compared to lithiatic control group. Cystone or AlcE and HAlcE (200, 400 mg/kg) treatment significantly (*p* \< 0.05 -- *p* \< 0.001, wherever applicable) decreased the urine calcium levels while the lower dose (100 mg/kg) was found insignificant. Treatment with cystone or AlcE and HAlcE (100, 200, 400 mg/kg) caused significant (*p* \< 0.05 -- *p* \< 0.001, wherever applicable) increase in urinary magnesium when compared to lithiatic control group.

Effect on serum parameters {#sec2-18}
--------------------------

There was significant (*p* \< 0.001) increase in serum creatinine, uric acid, urea, calcium, phosphorus and magnesium in lithiatic control group when compared to normal control group \[[Table 3](#T3){ref-type="table"}\]. The treatment with AlcE (200 and 400 mg/kg) or HAlcE (100, 200 and 400 mg/kg) significantly reduced serum creatinine levels (*p* \< 0.05-*p* \< 0.001, wherever applicable) compared to lithiatic control group while AlcE 100 mg/kg was found ineffective. Treatment with AlcE or HAlcE (100, 200 and 400 mg/kg) showed significant decrease (*p* \< 0.001, in all cases) in serum uric acid, urea and magnesium levels compared to lithiatic control group. Treatment with AlcE or HAlcE (200 and 400 mg/kg) significantly (*p* \< 0.01 -- *p* \< 0.001, wherever applicable) decreased serum calcium levels whereas the lower dose of extracts (100 mg/kg) did not show any significant change in serum calcium compared to lithiatic control group. AlcE or HAlcE (100, 200 and 400 mg/kg) treatment significantly (*p* \< 0.01 -- *p* \< 0.001, wherever applicable) decreased serum phosphorus levels in a dose dependent manner compared to lithiatic control group. The standard drug, cystone showed ameliorative effect on serum creatinine, uric acid, urea, calcium, phosphorus and magnesium as compared to the lithiatic control group.

###### 

Effect of *Bryophyllum pinnatum* leaf extracts on serum parameters against ethylene glycol-induced renal calculi
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Effect on oxidative stress parameters in kidney tissue {#sec2-19}
------------------------------------------------------

Ethylene glycol administration significantly (*p* \< 0.001) increased the MDA level and decreased GSH content and activities of CAT and SOD in lithiatic control group when compared to normal control group \[[Table 4](#T4){ref-type="table"}\]. The treatment with AlcE and HAlcE (200 and 400 mg/kg) significantly (*p* \< 0.001, in all cases) reduced the levels of MDA and increased GSH content, CAT and SOD activities when compared to lithiatic group. However AlcE (100 mg/kg) did not show any significant effect on MDA level, GSH content and CAT activity whereas SOD activity was significantly (*p* \< 0.05) increased. HAlcE (100 mg/kg) significantly (*p* \< 0.05 -- *p* \< 0.01, wherever applicable) decreased MDA levels and increased GSH content and SOD activity, whereas CAT activity remained unaffected when compared to lithiatic control group. Treatment with cystone significantly (*p* \< 0.001) decreased MDA levels and increased GSH content, CAT and SOD activities when compared to lithiatic control group.

###### 

Effect of *Bryophyllum pinnatum* leaf extracts on oxidative stress parameters in kidney against ethylene glycol-induced renal calculi
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Effect on histopathology of kidney {#sec2-20}
----------------------------------

[Figure 1](#F1){ref-type="fig"} depicts representative photomicrographs of microscopic observations of the kidney. There were no histopathological changes in renal tubules, glomeruli and blood vessels in normal group of rats \[[Figure 1a](#F1){ref-type="fig"}\]. The EG induced lithiatic group showed the presence of CaOx crystals in lumen of tubules accompanied by inflammation and cast formation which causes dilation of tubules and blood vessels. The lithiatic group also revealed the presence of crystals in interstitial spaces with moderate to marked glomerular congestion and tubular degeneration \[[Figure 1b](#F1){ref-type="fig"}\]. Very few or no crystal deposition and changes in the architecture of kidneys were found in cystone \[[Figure 1c](#F1){ref-type="fig"}\], AlcE (400 mg/kg) \[[Figure 1d](#F1){ref-type="fig"}\] and HAlcE (400 mg/kg) \[[Figure 1e](#F1){ref-type="fig"}\] treated groups when compared to lithiatic control group.

![Effect of *Bryophyllum pinnatum* leaf extract on histology of kidney. (a) normal control showing normal cellular structure, (b) lithiatic control, showing CaOx crystal indicated by arrow with moderate to marked cellular degeneration, (c) cystone treated showed no crystal deposits and nearly normal renal architecture, (d) AlcE 400 mg/kg treated showed very few to no crystal deposits, (e) HAlcE 400 mg/kg treated showed no crystal deposition and normal structure (×400)](ASL-36-90-g007){#F1}

Discussion {#sec1-4}
==========

*Bryophyllum pinnatum* is commonly known as *Pattharcaṭṭa* in Indian traditional systems of medicine which implies its stone breaking property. The leaves of the plant are widely used by tribal and other populations for treatment of stones. Despite its wide traditional use, the scientific studies are limited to delineate its antilithiatic effect. The present study was undertaken to substantiate the ethnomedicinal use of leaves of *Bryophyllum pinnatum* in kidney stones and urinary insufficiency in traditional practices. The present investigation showed ameliorative effect of alcoholic and hydro-alcoholic extracts of *Bryophyllum pinnatum* by preventing EG-induced alterations in body weight, urine and serum biochemical parameters, oxidative stress and histology of kidney.

The decreased body weight in lithiatic control group indicates EG toxicity which caused oxalate deposition in intracellular spaces resulting in metabolic disturbances and cellular injury.\[[@ref50][@ref51]\] Treatment with AlcE and HAlcE prevented the loss of weight caused by EG.

The decreased urinary output in lithiatic control rats was due to the formation of CaOx crystals and its retention. Formation of CaOx crystals causes reduction in glomerular filtration rate, which further decreases excretion of Na^+^, Cl^-^ and Ca^+2^, and promotes stone formation.\[[@ref3][@ref52]\] Treatment with AlcE and HAlcE caused increased urination and prevented the supersaturation of stone forming salts in urinary system. The increased urinary uric acid, phosphorus, calcium and oxalate levels were observed in lithiatic rats. The urine oxalate levels are relatively more important than those of calcium since it is accepted that hyperoxaluria is a higher risk factor in the formation of renal calculi than hypercalciuria.\[[@ref53]\] Further, increased uric acid level in urine interferes with calcium oxalate solubility, and it binds and reduces the stone inhibitory activity of endogenous stone inhibitor, glycosaminoglycans.\[[@ref3]\] AlcE and HAlcE lowered the levels of these stone forming substances in urine. Previously aqueous extract of the plant showed inhibitory influence on urinary oxalate and supports the findings of the present study.\[[@ref54]\] The decrease in creatinine clearance and urinary magnesium levels indicate their accumulation in blood which further increases the risk of urolithiasis. TreatmentwithAlcE and HAlcE elevated the creatinine clearance and urinary magnesium level and reduced the tendency to crystallize.

EG increases the activity of glycolic acid oxidase resulting in the formation of glycolate and oxalate that increase free radicals, lipid peroxidation and nitrogenous substances (creatinine, urea and uric acid) which ultimately leads to acute tubular necrosis in the kidneys of rats.\[[@ref50][@ref55]\] The serum creatinine, urea and uric acid levels were elevated in lithiatic group indicating marked renal damages. The decreased levels of these nitrogenous substances due to extracts or cystone treatment suggest the prevention of renal damage. The effect of extract is in agreement with an earlier study\[[@ref54]\] where the aqueous extract of *Bryophyllum pinnatum* exhibited inhibitory effect on serum creatinine and urea. Treatment with AlcE and HAlcE restored calcium, phosphorus, oxalate and magnesium levels in a dose dependent manner, thus preventing and reducing the risk of lithiasis. This effect was more pronounced in HAlcE compared with AlcE, possibly due to presence of saponins and other constituents.\[[@ref56]\]

It was reported that EG administration contributes to increased production of reactive oxygen species (ROS) and oxidative stress in kidney.\[[@ref55]\] It was observed that administration of EG increased MDA content and decreased activity of the antioxidant enzymes in the kidney of lithiatic control group. Cystone or AlcE and HAlcE significantly attenuated the oxidative stress by reducing MDA level and restoring the changes in GSH content and CAT and SOD activity. The decreased lipid peroxidation and increased activity of antioxidant enzymes by cystone or extracts indicate their preventive effect against oxidative damage. Thus, extracts or cystone treatment prevented the renal tissue damage caused by EG.

EG treatment induces extensive CaOx crystal deposition and cellular damages in different parts of kidney of rats accompanied by oxidative damages.\[[@ref55]\] Microscopic study of kidney sections in lithiatic control rats showed CaOx crystals in tubular and interstitial spaces with glomerular congestion and tubular necrosis. Treatment with cystone or AlcE and HAlcE prevented the deposition of CaOx crystals in different parts of the renal tubules possibly by hastening the dissolution of preformed stone and/or preventing the formation of new crystals. Aqueous extract of the plant showed prevention of CaOx crystal depositions and supports the findings.\[[@ref54]\] The large crystals of CaOx might cause the obstruction of renal tubular flow leading to glomerular congestions and tubular degeneration. AlcE and HAlcE prevented the renal damages by inhibiting the accumulation and retention of CaOx crystals in renal tubules. These effects of extracts suggest their stone dissolving property. Previously, *Bryophyllum pinnatum* extract showed *in-vitro* anti-crystallisation effect thus supporting the current findings.\[[@ref35]\] It is reported that the saponin content of plants contributes to diuretic and stone dissolving ability.\[[@ref56]\] Previous studies reported that antioxidant effects of the plants also played important role in antilithiatic action.\[[@ref10]\] In present study, the quantitative studies of *Bryophyllum pinnatum* extracts show the presence of saponins and antioxidant phytochemicals such as flavonoids and polyphenols which might have contributed to antilithiatic activity through stone dissolving and antioxidant action. However, further studies are necessary to comment on the role of exact phytochemical constituents and mechanism of action of *Bryophyllum pinnatum* in prevention of urolithiasis.

Conclusion {#sec1-5}
==========

*Bryophyllum pinnatum* leaf extracts exhibited preventive effect on ethylene glycol-induced formation of renal calculi. The antilithiatic effect of extracts may be through dissolution of preformed stones and/or prevention of the formation of CaOx crystals and antioxidant activity. This study validates the ethnomedicinal use of *Bryophyllum pinnatum* leaves in treatment of urinary stones.
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